Urine sediments of dogs with experimentally induced ethylene glycol poisoning were examined by light microscopy and X-ray diffraction. Massive calcium oxalate crystalluria was observed in all poisoned dogs. By light microscopy, the frequency with which six-sided hippurate-like prisms and envelope forms of calcium oxalate dihydrate occurred was approximately equal. The hippurate-like crystals were shown to be calcium oxalate monohydrate by X-ray diffractometry.
Ethylene glycol (antifreeze) toxicosis is commonly observed in dogs and cats.23 Ethylene glycol is metabolized to glycoaldehyde, glycolic acid, glyoxylic acid, oxalic acid, and hippuric acid, which result in acidosis, cytotoxicosis, and subsequent renal failure. I The diagnosis often depends on laboratory findings such as metabolic acidosis, a large anion and osmolal gap, and ~rystalluria.~ The presence of calcium oxalate crystalluria is frequently cited as a useful diagnostic aid in ethylene glycol poisoning in people and animals, although crystals are not seen in every ~a s e .~,~~ The type of calcium oxalate crystal referred to most commonly in standard texts on urinalysis is the octahedral calcium oxalate dihydrate ("envelope" or "Maltese cross" form).2 Less frequently reported is the "hempseed"shaped calcium oxalate monohydrate.".22 In addition, crystals very similar to published photographs and diagrams of six-sided prismatic hippurate crystals have been reported in p e~p l e ' .~.~. '~,~' and a r~i m a l s . '~.~~ In a retrospective study of ethylene glycol toxicosis in 50 dogs and cats, calcium oxalate dihydrate crystals (envelope forms) were observed in the urine of only 18% of the dogs and cats. Hippurate-like crystalluria was more frequently observed (44% of dogs and 18% of cats).23 Although hippuric acid is excreted in the urine of ethylene glycol-poisoned dogs," it is thought to be the least significant metabolite q~antitatively,'~ and probably could not account for the massive hippurate-like crystalluria which is commonly observed. In order to accurately identify these hippurate-like crystals, urine 6 sediments of eight dogs with experimentally induced ethylene glycol poisoning were examined by light microscopy and X-ray diffraction. X-ray diffraction was used because of its ability to absolutely identify crystals with a certainty, since the X-ray diffraction pattern of a compound is unique. lo, l9 X-ray diffraction involves the passage of a monochromatic beam of X-rays through the crystalline substance. Diffraction of the Xray beam by the planes of atoms is observed as a line or peak. The angular spacings of the lines are then used to calculate the distance (d-spacing) between the planes of atoms in the crystal. To identify crystals, the unknown pattern (d-spacing) is then compared with standard X-ray patterns of known substances."
Materials and Methods
Eight mature, healthy mixed-breed dogs were fasted for 24 hours, pretreated with chlorpromazine ( 1 mg/kg body weight) to prevent vomiting, and fed 10 ml/kg body weight of 95% ethylene glycol (Prestone antifreeze, Union Carbide Co, New York, NY) mixed with canned cat food. The dogs were placed in metabolism cages and all urine was collected by bladder catheterization just prior to and at timed intervals (1, 3, 6, 9, 12, 24, 3 1, 48, and 72 hours) following the administration of ethylene glycol. The dogs were initially treated with the alcohol dehydrogenase inhibitor 4-methylpyrazole at five or eight hours after ethylene glycol ingestion.
Routine urinalysis was done, including microscopic examination of sediment immediately following collection. The urine was then stored at 4°C for periods ranging from six hours to one week. Crystals in the remaining urine were concentrated by centrifugation at 1800 rpm for 15 minutes. Slurry samples of crystals were spread on glass slides, examined by light microscopy, and allowed to dry. These prepara-tions were placed in a sample holder of an XRD-5 diffractometer which utilizes a copper target diffraction tube. A survey scan was made which located the major peaks. Each peak was then located manually and recorded. Identification of the crystals was made by comparing X-ray powder diffraction data with those reported for known compounds."
Results
Massive crystalluria was observed in all poisoned dogs. Crystalluria was first observed by light microscopy as early as five hours after ethylene glycol ingestion and as late as nine hours after ingestion (table I) . Crystalluria was no longer present at one week in most dogs, although one dog still had crystalluria at two weeks. By light microscopy, the frequency with which six-sided hippurate-like prisms ( fig. 1 ) and envelope forms of calcium oxalate dihydrate ( fig. 2 ) occurred was approximately equal (table I) . Dumbbell or sheaf-shaped crystal forms ( fig. 3) were observed infrequently. "Hempseed"-shaped calcium oxalate crystals ( fig. 4) were rarely observed. Many of the six-sided prismatic crystals had smaller crystals which appeared to be budding from their surfaces (fig. 5) . The hippurate-like crystals were shown to be calcium oxalate monohydrate by X-ray diffractometry (table 11) . X-ray diffraction patterns for hippuric acid' were not observed. Other crystals identified by X-ray diffractometry were struvite and calcium oxalate dihydrate. Calcium oxalate monohydrate was by far the predominant crystal present in sediment of various urine samples as determined by X-ray diffrac-tometry. In urine from four dogs in which many envelope forms of calcium oxalate dihydrate had been initially observed by light microscopy, the only crystal present as identified by x-ray diffractometry was calcium oxalate monohydrate.
Discussion
Although the six-sided prismatic crystals seen in urine sediment of ethylene glycol-poisoned animals have been previously thought to be hippurate crystal^,^^.^^ this study utilizing X-ray diffractometry determined that they are the monohydrate form of calcium oxalate. Although calcium oxalate dihydrate has been associated with a diagnosis of ethylene glycol toxicosis, the present study and recent case r e p o r t~'~.~~ indicate that the monohydrate form of calcium oxalate (mineralogically named whewellite) is observed more frequently than the dihydrate form (mineralogically named weddellite) in animals poisoned with ethylene glycol. The typical radially striated and sheaf-shaped aggregates of crystals in the kidneys of rats poisoned with ethylene glycol have also been shown to be calcium oxalate monohydrate.2" This is not surprising in light of the fact that monohydrate calcium oxalate is the principle form to occur in nature.'0.24.25
Conditions necessary for the nucleation and growth of calcium oxalate dihydrate include supersaturation and a high concentration ratio of calcium to oxalate. Calcium oxalate monohydrate, on the other hand, is In addition, many of these crystals contain four-sided crystals which appear to be budding as has been previously described for crystals thought to be hippuric acid.I2 Recognition of crystals can aid in early diagnosis and prompt therapy utilizing alcohol dehydrogenase inhibitor^.^ 
